krf

AD-A199 288

1995w

OFFICE OF NAVAL RESEARCH
Contract N000l14-87-J-1275
Task No. N62927

TECHNICAL REPORT NO. IR/503/1988/1449 -

LOW TEMPERATURE PULSED PLASMA DEPOSITION

PART 2 : THE PRODUCTION OF NOVEL AMORPHOUS COMPOUNDS
OF GERMANI'™ IN THIN F1LM

by
G.A. Scarsbrook, I.P. Llewellyn, R.A. Heinecke

to be presented at the

American Vacuum Society Conference
4-7 October 1988, Atlanta, Ga, USA

and subsequently to be published in
Journal Vacuum Science and Technology

STC Technology Ltd. [:) I !<::

Systems Components Division E"'”':
London Road,
Harlow, CM17 9NA, England. 'y SEP1 31988 i

12th August 1988 , f{
Reproduction in whole of in part is permitted for any purpose
of the United States Government.

This document has been approved for public release and sale:
its distribution is unlimited

8] 9 12 174




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Ta REPORT SECURITY CLASSIFICATION To RESTRICTIVE MARKINGS
UNCLASSIFIED/U NONE
23 SECURITY CLASSIFICATION AUTHORITY T DISTRIBUTION / AVAILABILITY OF REPORT
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE UNRESTRICTED
2 PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
IR/503/(1988/1449 STL-No. 02~ 57 2
Ba. NAME OF PERFORMING ORGANIZATION b OFFICE SYMBOL [ 72 NAME o;: MONITORING OREG;NIZATION
(if applicable) OFFICE OF NAVAL RESEARCH
STC TECHNOLOGY LTD. STL DR. R.W. SCHWARTZ
ity, , and ZIP Code) 7b ADORESS (City, State, and ZIP Code)
6c. ADDRESS (City, State, a ADDRESS (Cty

LONDON ROAD,

HARLOW, ESSEX CM17 9NA NAVAL WEAPONS CENTER,

CHINA LAKE CA 93555-6001

8a. NAME OF FUNDING / SPONSORING 8b OFFICE SYMBOL [ 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
OFFICE OF NAVAL RESEARCH NO0014-87-G-0275
8¢. ADDRESS (City, State, and 2IP Code) 10 _SOURCE_OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK_UNIT
iggl:éngIszg?ﬁfgoo ELEMENT NG [NO NO ACCESSION NO
DR. R. POHANKA N62927

1. T{T Incl Security Classification)
b S RS BT SED PLASMA DEPOSITION PART 2: THE PRODUCTION OF NOVEL

AMORPHOUS COMPOUNDS OF GERMANIUM IN THIN FILM

12. PERSONAL AUTHOR(S) o s SCARSBROOK, I.P. LLEWELLYN, R.A. HEINECKE

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15 PAGE COUNT
TECHNICAL FROM______TO______ 1988 /Aug/12

16. SUPPLEMENTARY NOTATION

y
<

17. COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
RELD GROUP SUB-GROUP PULSED PLASMA, THIN FILM DEPOSITION, COMPLETE GAS

DISSOCIATION, AMORPHOUS COMPOUNDS, GERMANIUM SULPHIDE-
PHOSPHIDE “ple —

19. A)QRACT (Continue on reverse if necessary and identify by block number)

Recently, a new process for the room temperature, low pressure, deposition of thin films
has been published, which uses pulsed radio-frequency discharges of very high power
levels. Here we describe the use of the process for the deposition of amorphous
compounds containing germanium, sulphur, and phosphorus. The de posited compounds,

many of which cannot be readily deposited using any other method, are shown to have
useful properties as infra-red coatings and as compound semiconductors with band gaps
extending into the visible spectrum. The stability of ‘the deposited compounds on
exposure to high temperatures and on exposure to moisture is found to correlate with
deposition conditions and compound stoichiometry, and the use of these materials

under adverse environmental conditions is discussed.

~.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
CJuncuassiFieprunumiTeo O SaME AS RPT. I DTIC USERS UNCLASSIFIED/UNLIMITED
et S ————
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢c. OFFICE SYMBOL
DR. R.W. SCHWARTZ
~

DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete.
UNCLASSIFIED




) g8

| 48

Dr J C Pulver
Dr W Rhodes
Mr D Roy

Dr J Savage
Dr I G Talmy
Mr W Tropf

Defense Documentation Center

Dr R Pohanka
Mr H Guard
Mr R Jones
Mr 1 Schafer
W Messick

Dr N Tallan
L Sloter

Defense Metals & Ceramic Info

Dr R W Schwartz
B Wilcox

Metal & Ceramics Prg

Chemistry Prog
Code AX

R N Katz

Elec & Mats Sci Dir
Code 0712

Code 0725

Dr M Akinc

Dr H E Bennett
Dr S Block

Dr J K Burdett
Dr B Dunn

Dr G Gardopee
Dr G Geoffrey
Dr A Harker

Dr D C Harris
Mr R A Heinecke
Dr L C Klein
Dr P Melling
Dr R Messier
Dr G Messing
Dr P E D Morgan
Dr C Pantano
Dr R Raj

Dr R Roy

Dr A Stacy

Dr R Tustison
Dr W B White
Dr C Blackmon
Dr J A Cox

Dr P Klocek
Dr D N Lewis
Dr S Musikant
Dr D Perry

DISTRIBUTION LIST

Eastman Kodak Co, Hawkeye

GTE Laboratories, Waltham

Coars Porcelain Co, Golden

Royal Signals & Radar Establishment
Naval Surface Weapons Center

Applied Physics Lab, John Hopkins Univ.

Office of Naval Research
Office of Naval Research
Office of Naval Research

Naval Air Development Center
Naval Surface Weapons Center
Air Force Materials Laboratory
Naval Air Systems Command

Naval Weapons Center

Materials Sci Office

Army Research Office

Army Research Office

Commandant of the Marine Corps
Army Mat & Mechan Research Center
Air Force Off of Sci Res/NE
Office of Naval Technology

Office of Naval Technology

Iowa State University

Naval Weapons Center

National Bureau of Standards
University of Chicago

University of California
Perkin-Elmer Co, Danbury
Pennsylvania State University
Rockwell Int'l Science Center
Naval Weapons Center

STC Technology Ltd

Rutgers University

Battelle Columbus Laboratories
Pennsylvania State University
Pennsylvania State University
Rockwell Int'l Sci Center
Pennsylvania State University
Cornell University

Pennsylvania State University
University of California, Berkeley
Raytheon Company, Lexington
Pennsylvania State University
Naval Surface Weapons Center
Honeywell Systems & Res. Minneapolis
Texas Instruments, Dallas

Naval Research Lab

General Electric Co, Philadelphia
US Army Missile Cmd




Abstract # : 293
Program # : PS-FrM2
Put on JVST manuscript

W MPERATURE LSED PLASMA OSITION
ART 2: THE PRODUCTION Of NOVE MORPHOUS COMPOUNDS OF RMANTUM

IN THIN FILM

G. Scarsbroock, I.P. Llewellyn, R.A. Heinecke
STC Technology Ltd, London Road, Harlow, Essex, CM17 9NA, England.

ABSTRACT

Recently a new process for the room temperature, low pressure,
deposition of thin films has been published, which uses pulsed
radio-frequency discharges of very high power 1levels. Here we
describe the use of the process for the deposition of amorphous
compounds containing germanium, sulphur, and phosphorus. The
deposited compounds, many of which cannot be readily deposited
using any other method, are shown to have useful properties as
infra-red coatings and as compound semiconducters with band gaps
extending into the visible spectrum. The stability of the
deposited compounds on exposure to high temperatures and on
exposure to moisture is found to correlate with deposition
conditions and compound stoichiometry, and the use of these

materials under adverse enviromental conditions is discussed.
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INTRODUCTION

A recent publication [1] describes a novel low pressure pulsed

pPlasma deposition technique, which is characterised by high
powered radio-frequency (RF) pulses and a low ) duty cyvcle.
During the deposition, the energy in each RF pulse is
sufficiently high to dissociate the gas completely enabling very
high quality films to be deposited, whereas the low duty cycle
enables substrate temperatures io remain low .Furthermore, since
complete gas exchange occurs between RF pulses, each pulse can
have a different gas composition, thus allowing layered structures
to be rapidly constructed.

The control over film composition and quality that this new
deposition technique affords makes it an ideal tool for
fabricating new materials. In this paper, the pulsed plasma
production of amorphous germanium compounds of sulphur and
phosphorus is described, and data on IR transmission and
refractive indices, optical band gap, electrical conductivity
and film stability with moisture and temperature, are presented as
a function of film composition. In addition, the wuse of these

materials as infra-red transparent coatings is briefly discussed.

IMEN URES
m Deposition
Film deposition was carried out in tw6 capacitively coupled
pulsed plasma reactors, hereafter referred to as reactors Alpha
and Beta. Reactor Alpha, used for the GeS films, has been
described previously [1), but reactor Beta, which was used to
deposit most of the GeP and GePS films, will be described here.

The important differences between the two reactors are the size,
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gas entry arrangement, and pumping speed. In addition, both
reactors used a modified RF electrode for this work, designed to
give enhanced control of the induced DC bias, and reduce the
resputtering and ion damage in deposited films. -

Reactor Beta (Fig. 1) consists of a six-way, 100 mm stainless
steel cross, with gas flow down from the top and out to the left,
electrode entry top and bottom, and a viewing window at the front.
Gas pumping is achieved by a roots/rotary combination with a
pumping speed of nominally 500 m3/h, with the pumping speed
at the chamber controlled by an automatic throttle valve. A
capacitive manometer is connected directly to the chamber to
record the pressure. Each of eight gas lines feeds onto a short
100 mm diameter manifold, and (following the direction of gas
flow) consists of a mass flow controller (MFCn), a shut-off
valve (SVn), a specific gas volume (VOLn), and a rapid
operation pulsing valve (PVn). The pulsing valves enable
the gas composition in the chamber to be changed within 20 ms or
so, but this facility was not used in this work. The electrodes
are made of copper, the grounded electrode being uninsulated
and entering from the top though a compression fitting in the
gas manifold. The water cooled RF electrode (Fig 1 inset) is a
hollow cup with a conformal PTFE insulator and a removable top
rlate with a centred hole. The sample is placed inside the hollow
cup facing the hole. The discharge strikes principally in and
around the hole such that the film on the sample is formed from
species which have diffused from the plasma region into the hollow
electrode. -

RF power for reactor Beta is supplied by a custom built 50 kW,

40.56 MHz radio frequency generator, with a rise time of less than
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1 us. Forward and reflected power are measured in the 50 ¢
coaxial liﬂe leading to the matching box (Plasma Therm), which is
of the standard 'L’ configuration with two 20 - 750 pF high
voltage matching capacitors. At this frequency i; is found that
the best matching is achieved by replacing the normal coil by a
straight copper rod.

Details of the deposition conditions are given in Tables 1 and

2 for the films deposited in reactors Alpha and Beta respectively.

nalysis

The compositions of the GePxSy samples were analysed
using energy dispersive X-ray analysis in a scanning electron
microscope(SEM) with a primary electron beam energy of 5 keV.
GaP, ZnS and Ge were used as standards, and results were corrected
for absorption and fluorescence of X-rays in the sample. The
composition of the GeSy, and the 1levels of carbon and oxygen
impurities, were analysed using Auger electron spectroscopy. Only
trace levels of contaminants were found.

Low angle {26 = 4°~50°) X-ray analysis of nominally 1 um
films on <111> silicon was performed using a vertical
diffractometer and CuKa radiation.

Infra~-red (IR) transmission spectra were obtained over the range
2.5 - 14.7 um wusing a Perkin Elmer model 1750 Fourier Transform
IR Spectrometer with a nitrogen purged 'sample box. Samples,
typically 1 - 3 pm thick, were deposited on 2 mm thick IR grade
zinc sulphide substrates. By numerically subtracting the
spectrum of the substrate before the deposition from the spectrum
of the film and substrate after the deposition, it was possible to

avoid spurious signals from contaminants ( especially moisture )




in the zinc sulphide. For some samples,-the infra-red spectrum was
retaken after two simple environmental tests were performed. These
were heating in air at 300°C for 1 hour, and immersion in
distilled water at room temperature followed by bléwing dry with
a dry nitrogen gun.

Visible and near IR transmission spectra for absorption edge
measurements were obtained using a Varian model 2300
Spectrophotometer, with typically 100 nm thick samples deposited

on cleaned glass slides.

RESULTS

Data obtained from films of GeS deposited in reactor Alpha are
presented in Fig. 2 and in Table 1. Data on GeP and GePS films
are presented in Figs. 3 and 4, and in Table 2. All these films
were deposited in reactor Beta, with the exception of those whose
IR curves are shown in Fig. 3. X-ray data on samples of
compositions 15 and 19 on Si confirmed that the films were
amorphous, with broad amorphous peaks centred near 26 = 13° and
28° (d = 6.81, 3.19 A respectively). Heating these samples in
air at 300° and 400°'C resulted in a progressively increasing
intensity of the 1lower angle peak, and intrusion of a sharp peak
at 26 = 28.5° believed to originate from the silicon substrate
as the films broke up slightly. Visually, after heating at 300°C
the films became speckled, and sample 19 discoloured after heating
at 400°C. SEM examination of samples 16 and 19 on silicon showed
the films to be featureless in cleaved cross-section (resolution
= 200 1), though some particles (typically 2 1 um) were
incorporated.

Before describing the spectroscopic data in detail, a few




general points can be made. Firstly, considerable variation in
the interference fringes in the IR spectra can be observed.
Because of the lower refractive index of GeS than GeP (nearer the
value 2.2 of the 2ZnS sustrates), GeS shows w;aker fringes.
However, variations in the amplitude of the fringes with
wavelength are seen in some samples, which possibly indicates
non-uniform optical pathlength through the films and the effects
of scattering. Where possible, an estimated value of refractive
index has been calculated using the sample thickness, and the
wavelengths of interference fringe maxima and their amplitude on
the IR curves. For the visible spectra, the relatively high
refractive index of the films resulted in strong
interference fringes, and this, together with a slow cutoff
made it difficult to locate the optical absorption edge
accurately. Consegquently values quoted in the tables are for
the 5% (GePx Sy ) or 10% (GeSy ) transmission point

which were much better defined in these films.

GeS

The IR transmission spectra of a 1.6 pm GeSi.62 film
is shown in Fig. 2a., together with the spectra obtained after
heating this sample in air at 300°C for 1 hr. A few small
absorption peaks are superimposed upon the fringes. The ’'noise’
in the region of 3500 cm-! and 1600 cm-!? is due to
residual water vapour in the spectrometer. Heating at 300°'C can
be seen largely to remove two small hydride peaks but result in a
small oxide peak. A refractive index of n = 2.720.2 is consistent
with the interference fringe data.

In Fig. 2b are shown the IR curves of a similar GeS sample




before and after a 1 hr and an 18 hr immersion in distilled water.
As well as showing small hydride peaks, the spectra of the
sample as deposited shows a very small C-H peak, believed to
originate from COS impurity in the H2 8 éas. Two other
small peaks at 1400 and 1050 cm-! are wunidentified, but these
peaks are lost after immersion, suggesting that they may result
from surface contaminants. Immersion of the sample also results in
the formation of two small oxide peaks at 1600 and 750 cm-1!,
corresponding to O-H and Ge-0O bonds respectively.

The variation of the 10X optical transmission point in
GeSy as a function of composition 1is shown in Table 1. By
controlling the ratio of GeHd to HzS in the reactor, it
is possible to obtain values from 790 nm (Ge rich) to 430 nm (S
rich) in an approximately linear progression. Heating the samples

in air at 260°C for 48 hours consistently lowers these values by

about 30 nm.

GeP and GePS

Fig 3a shows the IR spectra of an = 2 pm
GeP1.97 thick film before and after a 1.5 hr immersion in
distilled water. Neither curve shows any major peaks, except a
small one at 2200 cm-! which is 1little affected by the
immersion treatment. The main effect of the immersion is to
displace the thickness fringes sideways,  consistent with an
optical pathlength (nd) increase of 2.4%. In Fig. 3b are shown
the IR curves obtained from a nominally identical sample before
and after room temperature ageing for 100 d;ys and no
significant change in the IR spectra occurs.

The deposition conditions, compositions and band edge




wavelengths of a series of GePx Sy films are given in
Table 2. Three of these compositions (marked *) were also
prepared as nominally 3 pm thick IR samples and the
resulting IR curves are shown in Fig. 4. Fig. Ja shows the IR

curves of the first of these samples, GePi1.13, before and
after heating at 300 “C for 1 hour. Before heating the film was
very soft and had a sooty~black appearence, and this together with
the lack of interference fringes and the general appearence of the
IR spectrum suggests a high scattering inhomogeneous film. After

heating a very large oxide absorption band covers the whole of the

1200 - 900 cm-? region. IR spectra for a GePi.so
sample, as deposited, after heating at 300°'C, and after
subsequent water immersion, are shown in Fig. 4b.

Heating results in the loss of several small hvdride and oxide
peaks {indicating the latter may result from surface
contamination), an increase in the amplitude of the interference
fringes and a displacement of their position consistent with a
decrease in optical pathlength of = 5%. The estimated refractive
index before heating is n = 3.1%#0.2. Water immersion slightly
further enhances the interference fringes and their displacement,
and removes a remaining small (presumably surface) oxide peak.

The behaviour seen in the IR curves of GePo.ssSi.02,
shown in Fig. 4c¢, 1is in some respects similar, with heating at
300°C removing several small hydride peaks but here resulting in
(presumably) surface oxide which is lost with immersion in water.
Heating again causes displacement of the interference fringes,
consistent with an optical path decrease of = 3.3%. Initially
the refractive index is n = 2.9%0.2.

The variation of the 5% optical transmission point for the




GePxSy films shown in Table 2 is from 870 nm for Ge to
500 nm for GePo.8s8Si1.02, generally decreasing as more
sulphur or phosphorus is added. Heating at 300°C for 1 hour
lowers the 5% transmission point by 50-100 nm, the glightly higher
values near stoichiometic GeP. Before heating the width of the
absorption edge (5%-95% transmission) ranges from about 800 nm for
Ge rich samples, to 450 nm for very P/S rich samples. After
heating this width decreases slightly, the respective figures then
being 700-350 nm.

Crude resistance testing was performed on the GePxSy
samples, wusing a multimeter with probes placed = 2 mm apart, a
voltage of 1.8 V, and a resistivity full scale of 20 MQ.
Samples 11 - 21 all showed resistivities > 20 M2 (ie. over full
scale) at room temperature. At  250°C, samples 11, 12, 13 and
21 showed resistances of = 3 MQ, 0.3 M2, 5 MQ, and 10 MQ
respectively, all other samples remaining over full scale.

Further electrical testing wusing a ceramic mounted 4 point
probe (point spacing 3.2 mm) on a heated stage and a 100V, 0-1 A
constant current source is in progress. Linear plots of
ln{voltage) against 1/T have been obtained, from which values of
the band edge consistent with the optical data presented here have

be calculated.

SCUSSION
It is clear from the data in Tables 1 and 2 that the pulsed

plasma deposition technique is able to form compounds with a very
wide range of compositions. The low temperature of the deposition
process enables compounds to form which are not thermodynamically

stable, and hence are difficult to make by any other method. In
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this section we compare the results obtained here with the results
from other workers using more conventional techniques of
synthesis.

Data on the GeS and GePS systems is fairly re;dily available
and a large glass-forming region is known to exist in the P/S rich
corner of the ternary phase diagram [2-5]. Measurements of the
optical band edge of bulk glassy samples in the range GeS to
GeS2 have previously been reported by Kawamoto [5].

There is much less data available on the binary system
GePx since this system is difficult to prepare by
conventional means because of the peritectic melting of GeP [6]
and the high volatility of phosphorus. Thin amorphous films of
(near) stoichiometric GeP have previously been prepared by
evaporation [7] from a monocrystalline GeP source, and analysis
has suggested that their local order is similar to that of the
bulk monoclinic phase (8]. The amorphous films were
semiconductors with optical band gaps close to the source
monocrystalline GeP value of 0.95 eV {= 1.3 um), in
agreement with the optical data obtained here for sample 13 which
is of similar composition. Generally only GeP has been formed by
preparation at ambient pressure [9), although electrochemical
deposition at 800°C is reported to produce GeP2 [10}. Under
high pressure and temperature other phases can also be produced
[11] with compositions near GeP3 and GePs. These phases
exhibit metallic conduction and are apparently at least moderately
stable subsequently at ambient temperature and pressure.

The data in Table 2 shows that amorphous films of GePx can
be produced from the plasma with a wide range of compositions (x =

0.5-7), and with a corresponding variation in optical behaviour.

10
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The change in the 5% transmission boint to shorter wavelengths
after heating at 300°C cannot result from loss of phosphorus
since it is in the wrong sense, although the films are anticipated
to be thermodynamically unstable at relatively low temperatures
{12). The X-ray diffraction data seems to suggest the change in
band gap is related to a structural change as the sample is
heated. One possibility is the initial formation of a random
covalent network structure where heterogeneous Ge-P bonds are not
preferred, which changes on heating to a more chemically ordered
structure. A change of this type has been suggested to occur in
amorphous GeS thin films [13]. A change in bond energy and band
gap could also account for the measured decrease in optical
pathlength of the IR samples by an associated reduction in the
refractive index n.

Several empirical models [13,14] relate, with some success, the
mean or minimum band gap to the bond energies in covalently bonded
semiconducting crystals, in order to predict the effects of
varying composition. The model by Tichy [13) uses a modified

version of Manca’'s [14] relationship, and relates the band gap

Eg to the sum of bond energies Esj, each of fraction
cj, by
Eg= b(Es-a) where Es=IjcyEs;

and a,b are constants
If band gap behaviour can be generally predicted in this
fashion for amorphous semiconductors, then the sense of the change
in band gap with annealing could represent the fornatiqp of strong
bonds at the expense of weaker ones. Heterogeneous Ge-P bonds are
clearly energetically favourable over Ge-Ge and P-P bonds in view

of the large enthalpy of formation of GeP from the elements (114

11




kJmol-1, {15)]) and hence annealing the deposited films
should form more of these bonds and shift the band edge to the
blue. This model is supported by the observations made here, where

all compositions of the binary and ternary

‘GePx Sy are observed to show such a change in absorption

edge on annealing. This model also predicts that annealing of
as-deposited amorphous films with a random network structure will
generally increase the band gap, unless other effects intervene.

The stability of the deposited GePx films to the
environmental tests appears to improve with increasing phosphorus
content, such that GeP3.so appears fairly stable. Both
GeSy and GePx Sy show some oxidation on heating,
apparently only at the surface in the ternary system, and binary
GeSy shows some oxidation with immersion in water as has been
previously noted for bulk GeSy glasses [4]. GeP is known to
be thermodynamically unstable with respect to the loss of
pPhosphorus at temperatures above 400°C [12], but no such
loss was found with the films at the temperatures used here, even
with films with a high phosphorus content. Therefore the 1loss of
phosphorus, while thermodynamically allowed, is probably
kinetically quite slow.

The compounds prepared here have good infra-red properties
over a wide range of the infra-red spectrum and may be suitable
for coatings on infra-red optics and windows. For high temperature
applications, phosphorus rich germanium phosphide looks
particularly attractive since it has a 1large band gap (which is
further improved on annealing) and therefore no free electron
absorption, coupled with a reasonable stability to both moisture

and heat. However, further work needs to be done on the rate of

12




loss of phosphorus from these compounds at higher temperatures in
order to ascertain the useful working life of such a material. It
may also be possible to improve the stability of the material by
the addition of small amounts of additional elements-(e.g. S,B,Al)

and work is under way to investigate this.

CONCLUSIONS

Using the new technique of pulsed plasma deposition,
homogeneous amorphous films of GePx , GeSy and
GePy Sy have been prepared over a wide range of
compositions, and properties such as IR transmission, optical
absortion edge, and environmental stability, have been evaluated.
Phosphorus-rich GeP3.so, in particular, shows good
environmental stability, a reasonably large band gap, and good IR
transmission characteristics, making it a potentially useful IR
material, although thermodynamic instability at higher
temperatures may limit its wuse. It is suggested, using an
existing empirical model, that post-annealing of random amorphous
thin film semiconductors can result in an increased band gap,
which may be beneficial in IR applications by reducing free

electron absorption.
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TAELE 1
GeSy Films Deposited in Reactor Alpha

Sample Gas Nom. Analysis 10X Transmission Point
No. Flows Composition Composition Init. Aged
1 40/20 GeSo.5 GeSo.4 790 -
2 40/40 GeS - 780 750
3 40/60 GeS1.5 GeS1.5 740 -
4 40/80 GeS2 - 660 630
5 40/100 GeSz2.5 - 650 620
6 40/120 GeS3 - 630 610
7 40/140 GeS3.5 - 620 580
8 40/180 GeS¢.s - 580 550
9 40/240 GeSs - 430 -

Sample thicknesses 100 ne - 200 nm
Ageing treatment was 260°C for 48 hour in air.
- Measurement not taken.

Deposition Conditions

Plant Alpha, 13.56 MHz RF, 200 ps pulsewidth, 25 Hz pulse rate, 35 kW
forward power, 200 aTorr chamber pressure, gas flows GeHs4/H2S in
sccm as given in table, together with 500 sccm Ar. DC bias potential
approx. 200 - 300 V. Nominal film compositions are calculated directly
from the gas composition.

The RF electrode had an external diameter of 108 am, an internal
diameter of 86 am and depth of 20 mm, with a conformal PTFE insulator of
external diameter 129 mm. The electrode top plate was 5 mm thick with a
centered hole 49 am diameter.

15




TABLE 2

GePxSy Films Deposited in Reactor Beta

Sample Gas Nonm. Analysis 5x Transmission Point

No. Flows Composition Composition Init. Aged
11  60/0/0 Ge Ge 870 820

12 40/20/0 GePo.s GePo.s4 800 -
13+ 30/30/0 GeP GeP1.13 770 670

14 20/40/0 GeP2 - 690 -
15+ 15/60/0 GeP4 GeP3.so 640 570
16 20/40/0 GeP7 - 600 540

17 20/40/20 GeP2S GeP1.50S0.41 590 -

18 20/30/30 GeP1.s5S1.5 - 550 -
19*+ 20/20/40 GePS2 GePo.8851.02 500 460

20 40/20/40 GePo.sS - 670 -

21 40/20/20 GePo.sSo.s - 760 -

Sample thicknesses ($10X) GePx (samples 11-16) 62 na

GePxSy (samples 17-19) 83 na

(samples 20,21) 103 na
The ageing treatment was 300°C for 1 hour in air.

+ Samples of these compositions were also prepared as = 2 um IR
samples, the IR curves being shown in Fig. 4

- Measureament not taken.

Deposition Conditions

Plant Beta, 40.68 MHz RF, 100 us pulsewidth, 25 Hz pulse rate, 30 kW
forward power, 210 aTorr chamber pressu:-e, gas flows
GeHs/PH3/H2S in sccm as given in table, together with 500
scca Ar. DC bias potential approx. 2kV. Nominal film compositions are
calculated directly from the gas composition. _

The RF electrode had an external diameter of 70 ==, an internal
diameter of 60 ma and depth of 23 mm, with a conformal PTFE insulator of
external diameter 96 mm. The electrode top plate was 5 mm thick with a
centered hole 40 am diameter.
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Figure 1: Schematic of the pulsed plasma reactor beta. The inset

shows the RF electrode in detail.

Figure 2: IR Transmission spectra of pulsed plasma deposited films
of stoichiometry GeSi1.62 a) before and after heating in air
at 300°C for 1 hour and b) before and after immersion in
distilled water for 1 hour and 18 hours. For clarity the spectra
marked ii) and 3iii) have been displaced by -20% and -40%

respectively

Figure 3: IR Transmission spectra of a pulsed plasma deposited
film of stoichiometry GeP1.97 before and after a)immersion
in distilled water and b)ageing in air at room temperature for 100
days. For clarity, the spectra marked ii) have been displaced by

-20%

Figure 4: IR Transmission spectra of a)GeP3 .13 b)GeP3.s0
and c)GePo.88S1.02. i) shows the films as deposited,ii)
the films after heating to 300°C for 1 hour and iii) after 1 hour
immersion in distilled water. For clarity, some of the spectra

have been displaced by -20X and -40X, as markead.
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Fig. 4 IR Transmission spectra of GePxSy thin films




